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Recent power quality (PQ) research shows that the most common types of 
power quality disturbances are voltage sags and swells in medium and low- 
voltage distribution grids. This paper shows how to improve two significant 
power quality disturbances: sags and swells voltage. To find out what effect 
these two PQ issues have in real life, a study case based on real nonlinear 


loads data from large induction motors at Beshai Company in Sadat City in 


Egypt is investigated. The dynamic voltage restorer (DVR) has been 
Keywords: suggested as a solution to the voltage swell and voltage sag issues. The point 
of common coupling (PCC) is linked with the dynamic voltage restorer to 
mitigate the PQ problems that have been found. The power network, loads, 
PI controller : and DVR may all be modeled using the MATLAB/Simulink platform. The 
Power quality disturbances jellyfish search optimizer (JFS) is used to get the gain settings of the 
Voltage sag proportional and integral (PI) controller for the proposed DVR. 
Voltage swell MATLAB/Simulink's results show that the proposed device is effective, 
reliable, and has low latency. 


Dynamic voltage 
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1. INTRODUCTION 

Electrical power should always be available because it is a necessary part of all commercial and 
industrial processes. Electricity quality has become not merely a technical concern but also a financial one. 
The four components of the power system are generating, transmitting, and power systems that supply 
electricity via more transmission cables to various customers at the distribution end. When the voltage at the 
load fluctuates, power quality in the supply network becomes crucial [1]. 

Power quality is becoming more essential because of the following: power electronic devices and 
high-tech equipment with microprocessor-based controls are more sensitive to changes in power quality. 
Using power electronic devices to control variable speed drives and switched modes is seen as causing a lot 
of electrical disturbances in the supply system, especially in service sectors like hospitals [2], [3]. 

Power quality problems include voltage sags, unbalance, swells, flickers, harmonic distortion, 
impulse transients, and interruptions. Industrial, commercial, and residential customers use a lot of power 
electronic devices at their installations. These devices are sensitive to problems with power quality. 

Industry reliability is vulnerable, according to global studies and surveys. (long and short 
interruptions). Voltage sag is the biggest power quality issue in manufacturing and telecom. Power quality 
concerns affect power systems and load. According to Jassim et al. [4], harmonics also affected the current 
capacity of cables, transformers, and transmission lines. Al-Badri et al. [5] discovered that irregular loads, 
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such as electric furnaces, power electrical appliances, shunt capacitors, and/or inductance series resonance, 
are what cause power system harmonics. 

Researchers have suggested reconfiguration of distribution lines, phase balancing, and rearranging 
between medium voltage feeds and power converter banks using a radial arrangement method to reduce 
voltage variation and improve distribution system voltage profiles [6]. Voltage imbalance may affect 
induction motor operation as illustrated in research [7]—[9]. Voltage imbalance was shown to heat windings 
faster than power quality issues [10] summaries the applications of power quality and standards. 

According to Sousa ef al. [11], uneven voltage supply and harmonics may coexist at the utility in 
case existing reasons are there, such as an induction motor with phase asymmetry or an imbalanced power 
network controlled by variable-frequency motors. Martiningsih et al. [12] instructed the Pay TV Dian 
Swastatika Sentosa Services (PT DSS) plant to install a dynamic voltage restorer (DVR) acting like a 
compensation device in sequence with the distribution cable. Proportional and integral (PI)-based DVRs can 
resolve power quality constraints [12]. 

Eltamaly et al. [13] developed DVR-based voltage sag mitigation and power system quality 
improvement. Electrical equipment has deteriorated. DVR compensates for sag/swell and adjusts voltage 
properly [13]. A power electronic transformer-equipped DVR reduced symmetrical and asymmetrical sags. 
Modern design reduces distribution line symmetrical and asymmetrical voltage sag [14]. 

Gabor transform (GT) [15] discussed a method and a technique to detect and classify the 
disturbance waveforms respectively. That it can be performed by other time-frequency analysis techniques to 
acquire the features. Salman ef al. [16], two methods are used for tuning the parameters of the proportional 
and integral (PI) controller, trial and error and the intelligent optimal method. The utilized optimal method is 
the particle swarm optimization (PSO) method. The PI controller for the DVR is used to solve the power 
problems in research [17]. Authors used flexible alternating current transmission systems (FACTS) to 
mitigate power quality disturbances such as voltage fluctuations, sag, swell, and harmonics in smart grids. 
and compared between FACTS, (STATCOM), and unified power quality conditioner (UPQC). 

This paper investigates voltage sag and voltage unbalance, which are applied on real nonlinear loads 
consisting of four large induction motors, and the DVR is proposed as a solution to these issues. The main 
contribution of this article can be summarized as follows, the real distribution system located at Beshai 
Company in Sadat City, Egypt is presented. Building up the DVR scheme and its application in the presented 
model. A proposal for jelly fish optimization algorithm to get the PI controller’s gain values in DVR 
topology. Two power quality issues of voltage sag and voltage swell conditions are presented and power 
quality improvement according to mitigation of voltage sag and voltage swell. The rest of the paper is 
organized as: i) Section 2 presents system configuration; i1) Section 3 introduces the proposed dynamic 
voltage restorer with its control strategy; iii) Section 4 presents the utilized optimizer with objective function 
formulations; iv) Section 5 introduces the simulation results; and v) Section 6 presents the conclusion. 


2. SYSTEM CONFIGURATION 

The system being studied is made up of two induction motors with a 6.7 MW rating and another two 
induction motors with a 1.425 MW rating. They get their power from a busbar with 11 kV, which gets its 
power from a step-down transformer with 220/11 kV at Beshai Company in Sadat City, Egypt. As indicated 
in Figure 1, which is showing a MATLAB simulation of the system under study, the power goes from the 
transformer to the load through an underground cable that is 0.8 km long. In Table 1, the electrical equipment 
parameters are shown. 


3. DYNAMIC VOLTAGE RESTORER 
A dynamic voltage restorer (DVR) is employed to address the reported power quality issues. 

Between the V, and V_ buses, a DVR structure can be found. As a power quality (PQ) conditioner, it boosts 
voltage, compensates for reactive power, and lessens harmonic distortion [3]. As can be seen in Figure 2(a), 
and Figure 2(b), the design of the filter circuit. The proposed DVR consists of three alternating current (AC)- 
coupled capacitors and three single-phase boosting transformers. To regulate the current, a resistance series is 
connected in parallel with the capacitors bank [18]. The DVR scheme's finer points are laid out in Table 2. 
The proposed DVR, depicted in Figure 2, includes the following parts: 

Stored energy (SE): The primary purpose of it, is to give (DVR) the actual voltage required within 

recompense mode [19]. 
- Voltage source inverter (VSI): This device converts the constant voltage from the battery to alternating 

voltage with the proper magnitude, phase, and frequency for injection into the transformer [20]. 


Mitigation of voltage sag and voltage swell by using dynamic voltage restorer (El-Zahraa. M. Mattar) 


1292 O 


ISSN:2088-8694 


- Boosting transformer: It is used to make up for the voltage loss. The primary side is linked in sequence 
with the supply voltage (utility) and the secondary side is connected with the unit of the universal bridge. 

- Filter circuit: The filter circuit consists of a resistor, inductor, and capacitor or RLC circuit which less 
prone to harmonic distortion in the VSI's output waveform. 

- PlIcontroller: Itis the supervisor responsible for regulating the load voltage. It does a voltage comparison 
between the load bus signal and the reference voltage to determine what to send to the PI controller [21]. 
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Figure 1. MATLAB-Simulink of the system under study 


Table 1. The electrical element's parameters 


Element Parameter 
Main Grid 50 MVA, 220 kV, 50 Hz 
Transformers Trl: 220/11kV, 50 MVA 


Underground cable 

Two induction motors (IM) 
Two induction motors (IM) 
Others nonlinear loads 


Tr2: 11/0.4kV, 10 MVA 

L=0.8 km, R=0.113 Q/km, L=0.18 mH/km 
P=6700 kW, I=398 A, V=11 kV, PF=0.91 
P=1.425 MW, I=100 A, V=11 kV, PF=0.8 
P=8.5 MW, Qc=5.2 Mvar, V=400 V, PF=0.85 


Vrce Boosting V;, 
transformer 


controller 


Voce 


(b) 


Figure 2. DVR functional scheme model of (a) DVR scheme diagram and (b) The filter circuit design 


Table 2. The DVR scheme detailed specification 


Component Value Filter circuit component Value 
Voc 7000 V Shunt Resistance (R,) 60 Q 
Resistant 0.2Q Shunt Capacitance (C,) 6 uF 
Frequency 50 HZ Series Inductance (L;) 80 mH 
Voltage source inverter (VIS) Three arms, six pulses _—_ Series resistance (R,) 0.2Q 
Carrier frequency 5000 Hz The ratio of boosting transformer 1:1 
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3.1. Operating principle of the proposed DVR 

The proposed DVR's operating principle Figure 3(a) shows a Thevenin circuit of the system being 
looked at, with its voltage source Vg and source impedance Zg already chosen [22]. It gives out two packs, 
whose impedances are Z, and Z;», through two feeders, Vp and V_. The total impedance of the feeders is Zio. 
Kirchhoff's voltage law (KVL) is used to figure out the common bus pre-sag voltage (Vpre-sag) and line current 
(Ic) while a standard DVR is running normally. The (1) and (2) demonstrate how this is done. 


Vore-sag =Vq -—1IgZG (1) 
fe = i; ‘2 ie = Ypre-sag , Vpre-sag (2) 


ZtottZL2 = Ztot+Z11 


When a fault (F) happens on the feeder, the current that flows through it is maximum (Isfau). The (3) and (4) 
illustrate how much voltage is at the PCC during sag (Vag). 


Vsag = Vo-lstautrZs (3) 


Vsag Vsag (4) 
Ztot “ZtottZL1 


Is rautt Hh+h= 


Figure 3(b) shows the DVR phasor diagram, when the injected voltage (Vinj) is low, (5) and (6) are used to 
estimate the magnitude and the angle of the voltage injected. 


\Vinj| = JV? + V2 — 2V,Vg cos(@, — Bg) (5) 


= -1 (Visin@L-V¢ sin ac.) 
Binj ae (= cos 0, —-Vg cos 0g (6) 


The reference voltage of the three phases is summed as in (7). 


Vares . ie ) 

sin | wt — — 
Veref = Vi_-max 3 (7) 
Veref sin (we + =) 


Following that, park transformation was applied, it is transformed from three-phase abc-to-dq0 equations as 
shown in (8). 


cos(wt) cos (wt — =) cos (wt + =) 


Va 2 2 Va 
Y,| = “ —sin(wt) —sin (wt — =) —sin (wt + >) Vp 8) 
Vo 1 4 1 V, 


2 2 


(b) 


Figure 3. Operating principle of the DVR as (a) DVR Thevenin equivalent circuit 
and (b) DVR phasor diagram 
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3.2. The suggested control scheme for DVR 

Figure 3 depicts a comparison of V1 to the standard voltage; controller timing to power voltage. A 
detailed explanation of the controller's design is that the DVR voltages are converted into gate pulses that 
turn on the voltage-sensing inductor (VSI), which dampens voltage increases and compensates for decreases 

[23]. As shown in research [24], the proposed DVR can be operated in just five simple steps. 

i) First, the disturbance type of voltage is crucial for determining the duration (beginning and ending 
points), depth, and stage leap [25]. Diverse load voltage techniques VL, Vabc, and reference voltage Vier, 
Vabc are vectorized dq0 voltage elements V;, dq0, and it should be stressed that the primary goal of series 
compensation is to decrease some of the distributors' line reactance to increase load voltage. In this 
investigation, Vyer and dqO were transformed using Park's transformation. 

ii) Secondly, when converting the reference voltage (supply) and load voltage to the dqO border, the error 
signal shown in (9), which is defined as a voltage amount and stage shift, will be gained. 


2 
ler ago| = (Vretd = Via)? + (Vierq _ Vig) + (Vreto = Vio)? (9) 


iii) Third, as explained in research [22], synchronization to the grid voltage is a key step for good 
management of DVR shown here. It keeps the frequency and phase of the controller's output signal in 
sync with an input signal that serves as a reference. So, in this work, a phase-locked loop (PLL) is 
employed to maintain synchronization. 

iv) Fourth, the DVR control is shown in Figure 4. It is easy to understand since it is established on an error- 
driven of PI controller. The controller's responsibility is to minimize the grid's error signal (supply 
system) as much as feasible, as depicted in Figure 4. Additionally, as shown in the (10), V< is the signal of 
contribution voltage in the time domain, or the PI controller at the dq0O structure of pulse-width 
modulation (PWM) for DVR. 


1: 
Ve.dqo a Kpet.dqo + Kj ifs €t.dqo dt (10) 


Fifth, The P-I controllers’ output is return to the main three-phase volt Vabc in (11) to regulate PWM and 
provide the gate pulses that control of voltage source inverter, as indicated in the following diagram. 


v 


~S 


sin (wt) cos (wt) 1 
Vora . 20. 20. c1.d 
Verp| = [Si2 (wt — ee cos (wt — es) Vag (11) 
Vere sin (wt + =) cos (wt + =) 1| LM c1.0 


abe-to-dq0 
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Vretidgo dq0-to-abe 


To drive the 
gate of VSI 


Delay time 


Figure 4. Scheme of control strategy proposed 


4. THE OPTIMIZATION 
4.1. Fitness performance 

The purpose of fitness performance is to modify the PI controller gains of the suggested DVR which 
are described in (12). 


minm(/) = minmUITAE) = f. 


5 tle,| at (12) 


That (J ) refers to the sum error for the suggested DVR controller, ITAE acronym is for integral time absolute 
error. (€;) represents the error signal. Here are some restrictions that apply to the optimisation problem. 
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4.2. The imposed constraints 
The voltage at the second side (V;,)can only be in the range of its low and high values (13). As a 
result, the value cannot be lower than 0.95, also it cannot be higher than 1.05. 


0.95 <V, <1.05 (13) 


The THD of the voltage (THD,) of the second feeder, given by (14), should be below its maximum value 
(THDy max )as Shown in (15) reported in IEEE standard 519, 


yn v2 
THD, =i = h (14) 
1 


THDy < THDy max (15) 


4.3. Technique for jellyfish search optimization 

The jellyfish search (JFS) optimization algorithm is a new way to find the best solution. It gets its 
name from the way jellyfish move. They have been put into three groups. The jellyfish could first move with 
the current or with the rest of their group. In the meanwhile, wherever they are, areas with plenty of food 
attract jellyfish. The numerical fitness performance [26], [27] also reveals the quantity of food consumed. 
The starting population can be expressed mathematically [28]. 


Xj (t+1) is the chaotic jellyfish equivalent. where Pp is a value between 0 and 1 chosen at random and not 
equal to [0.0, 0.25, 0.75, 0.5, 1.0]. The (17) shows how to figure out the value of the temporal control 
function (CF), which goes from 0 to 1 [29]. 


t 


CF (t) = |(1-—) x (2x7, -1) (17) 


t refers to the repetitions number, Tmax refers to the most repetitions that can happen, and (r, — 1)is a 
probability integer from 0 to 1. The (18) shows how to find out where each jellyfish was caught recently if 
the CF value is larger than 0.5 [28]. 


X,(t+1) =Rx (X*-3xRxp) +X, (0) (18) 


R refers to an integer drawn at a time from the range [0, 1], X* represents the jellyfish's best 
placement within the population, and.y represents the jellyfish population's average Based on the minimum 
fitness value, the best place in the population is found among the jellyfish. The fitness function, which is the 
amount of food, is measured for the whole jellyfish population. After putting them in order from best to 
worst, the first one is chosen as the best. If the CF value is less than 0.5, it can be used to calculate the fresh 
location of each jellyfish by using (19) to indicate the passive form and (20) to follow the active form [28]. 


_ (Xi + RHO —X DI FAD) = FO) 
ane tx () + ROG (O —X Dif FH) < FO) a 


U, and Ly stand for the control parameters’ upper and lower bounds, respectively and f is a qualitative 
function of the amount of food in each jellyfish position. The open links for reconfiguration are related to the 
upper and lower bounds of the control parameters. 

The (21) also describes the checking model for each jellyfish to be put back at the closest border. 


ee = (Xia — Una) t+ Ly QifXia > Una 
Xia = (Xia —Lpa) + Up (@if Xia < Loa (21) 


X';.q shows where the ith jellyfish is located in the dth dimension. The size of the jellyfish location is the total 
amount of parameters of control, which are specified in (22) as the number of open links that can be changed. 


VI = {[Or, Or, ereene Oron |} (22) 
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(VI) is an abbreviation of the variables' independent looks, where O; is a number of linked lines that needs to 
be opened the and number of them is No. As stated in the equation (23). The integer number assigned to the 
open connect lines should never be less than or equal to the number of linked lines, also Figure 5 shows the 
behavior of the jellyfish optimization technique as a flow chart. Figure 6 shows MATLAB Simulink of the 
system under study after connecting DVR. 


2 0p, 2 NOTH 12 cence (23) 


Set the number of population (Npoop) and maximum iterations (T™) 


[ess ] 


Evaluate the food f{Xi) for each location on Xi 
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me NO 
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Figure 6. MATLAB Simulink of the system under study after connecting the DVR 
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4.4. Condition of voltage sag 
At the starting mode of the actual 3-ph induction motors (three-phase), the starting time for the two 


motors with soft starters is between 0.1 sec and 0.2 sec. The starting time for the two motors that are 
connected directly online with the system is between 0.25 sec and 0.3 sec. The resulting condition is a 
symmetrical voltage sag(balanced). The sag at the load bus voltage is smaller than 90% to 10% if compared 
to the reference voltage according to IEEE. where DVR supplements the main voltage required and enhances 
the voltage at the load side. Figure 7(a) shows the voltage sag at the load bus when the motors start, 
Figure 7(b) shows the load voltage after connected DVR, and Figure 7(c) shows the compensating voltage. 


load voltage (v) 


injected voltage (v) 


Figure 7. Results for sag condition (a) load voltage at starting, (b) load voltage after connected DVR, and 
(c) injected voltage by DVR 


4.5. Condition of voltage swell 

As a result of the three phases' switching off of various strong loads, a swell mode develops. As a 
result, it was assumed for this test that the voltage swell is occurring at the regular time when T=0.1 second 
to T=0.2 second. At the load point, the swell voltage is balanced at the three phases at a value over 120% 
greater than Vrer. During this incident, the dynamic voltage restorer corrects this problem, as shown by the 
simulation results. Figure 8 indicates the load bus voltage before and after the DVR-based connection. 
Figure 8(a) shows the voltage swell at the load bus, Figure 8(b) shows the bus load voltage after connected 
DVR, and Figure 8(c) shows the compensating voltage. 
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Figure 8. Results for swell condition (a) load voltage at switching off, (b) injected voltage by DVR, 
and (c) load voltage after connected DVR 
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4. CONCLUSION 

Voltage sag and swell were presented just like two different power quality issues in this paper. Each 
of these power quality problems was investigated using a large load. Beshai-considered Company's load is 
high-power induction motors. It has been discovered that starting high-power induction motors causes sags in 
the voltage at the point of common coupling (PCC). Voltage swell was also resulting in the switching of 
heavy loads. As a series compensation device, the dynamic voltage restorer (DVR) scheme is applied. To 
handles issues of power quality associated with industrial loads connected to a distribution network, (DVR) is 
suggested to improve voltage sag and voltage swell. The jellyfish search optimizer (JFS) is utilized to get the 
gains values of the PI controller for the proposed DVR. The outcomes support the robustness, effectiveness, 
and latency of the suggested device. 
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